A new position location technique using the transmitter identification (TxID) RF watermark in the digital TV (DTV) signals is proposed in this paper. Conventional global positioning system (GPS) usually does not work well inside buildings due to the high frequency and weak field strength of the signal. In contrast to the GPS, the DTV signals are received from transmitters at relatively short distance, while the broadcast transmitters operate at levels up to the megawatts effective radiated power (ERP). Also the RF frequency of the DTV signal is much lower than the GPS, which makes it easier for the signal to penetrate buildings and other objects. The proposed position location system based on DTV TxID signal is presented in this paper. Practical receiver implementation issues including nonideal correlation and synchronization are analyzed and discussed. Performance of the proposed technique is evaluated through Monte Carlo simulations and compared with other existing position location systems. Possible ways to improve the accuracy of the new position location system is discussed.
INTRODUCTION
Geographic location information can be retrieved by various infrastructures and technologies. The most popular position location system is the global position system (GPS) based on a constellation of about 24 satellites orbiting the earth at altitudes of approximately 11,000 miles [1] . In Europe, a satellite navigation system named Galileo was deployed by the European Commission and Space Agency based on a 30-satellite constellation, to provide positioning and timing services in 2008 [2] . Uncorrected positions determined from GPS satellite signals produce accuracies in the range of 50 to 100 meters. When using a technique called differential correction, users can get positions accurate to within 5 meters or less. GPS is effective and accurate outdoors, but it works very poorly, if at all, indoors and in urban canyon environments, and a reliable solution is needed to fill these gaps in coverage. Moreover, GPS is vulnerable to jamming and other disruptions from manmade and natural causes. Without a functional backup, widespread disruption of the GPS would be catastrophic for commercial applications, as well as domestic and international security.
New alternative position location systems were recently proposed based on other wireless communication systems, such as cellular networks and wireless LAN. An order issued by the U.S. Federal Communications Commission (FCC) in July 1996 requires that all wireless service providers, including cellular and broadband wireless, provide location information to Emergency 911 (E-911) public safety services [3] . These new FCC E-911 requirements have also boosted research in wireless location techniques. Cellular networks can be used to provide location services, where the mobile stations are located by measuring the signals traveling to and from a set of fixed cellular base stations. However, owing to the low power of each transmitter and narrow bandwidth, position systems based on cellular networks can only achieve very limited accuracy with locationing error often larger than few hundred meters [4, 5] . With the development of wireless local area networks (LAN), there is an increasing level of interest in developing the technology to geolocate using DSSS/OFDM based wireless LAN systems [6] . Position location system based on wireless LAN is more accurate within the service area of network. However, its application is limited by the network coverage and outdoor locationing information is often unavailable especially for rural areas. Positioning system using television synchronization signals was first proposed in [7] . The major advantage of the television locationing approach is from the low RF frequency, wide band, high transmission power, and broad coverage of DTV transmitters. However, a network of monitor stations has to 2 EURASIP Journal on Applied Signal Processing be established to broadcast the timing information for each TV station.
In this paper, a new position location system is proposed based on DTV transmitter identification watermarks. Training sequence in DTV signals might be used for position location and multipath estimation under some circumstances. However, large position location error may be introduced when there is cochannel interference in the DTV signal. In the presence of cochannel interference, multipath estimation is actually the linear combination of the multipath channel responses from all the DTV transmitters on the same channel, since an identical training sequence is used for all cochannel DTV transmitters. In addition, TxID watermark is still needed to identify the transmitter location and propagation time. As a result, the proposed DTV position location system and the subsequent analysis are based on the transmitter identification watermark.
As of May 2005, there are more than 1400 terrestrial digital television (DTV) transmitters in operation in the U.S.A., Canada, and Mexico. The Advanced Television System Committee (ATSC) DTV signals are entirely different from the analog TV signals and have many new capabilities. One interesting new feature of the ATSC signal is that a pseudorandom sequence, used as an RF watermark, can be uniquely assigned to each DTV transmitter for transmitter identification (TxID) purpose [8] . Due to an ever-increasing number of DTV transmitters, the need for transmitter identification is becoming essential since it enables the broadcast authorities and operators to identify the source of in-band interferences. In [8] , phase modulation of each TxID sequence can also lead to a robust data transmission approach, which can be used to broadcast the timing and geolocation information for each transmitter. Similar transmitter identification techniques could also be used to DVB-T system in the future. Using relatively simple signal processing, DTV signals from different transmitters can be identified. By varying the phase of the TxID sequence, the timing and location information for each DTV transmitter can also be sent out. Since the locations of the DTV transmitters are known, it is possible to locate the receiver positions when the DTV signals from multiple DTV transmitters can be successfully received and identified.
The proposed position location process using DTV TxID or watermarked signal, can be realized through several steps.
(1) Identify the sources for all DTV signals received at one location. This is based on the calculation of cross-correlation between the DTV signals and local TxID sequences. The ATSC field SYNC signal can be used for a quick synchronization of the TxID sequence. (2) Calculate the pseudorange between the receiver and each DTV transmitter. (3) Determine the coordinates of the receiver by solving a nonlinear equation system. When there are more transmitters than needed for location position, optimization techniques can be used to increase the positioning accuracy and reduce the impact of multipath distortion.
The rest of the paper is organized as follows: transmitter identification using RF watermark is elaborated in Section 2. The proposed position location technique using TxID watermark is presented in Section 3. Practical implementation issues including the nonideal cross-correlation function and synchronization for the position location receiver is analyzed and discussed in Sections 4 and 5, respectively. Numerical results for the proposed position technique were presented in Section 6. Example of position location using a nonlinear equation system was also given in this section. The paper is finally summarized in Section 7.
TRANSMITTER IDENTIFICATION FOR DTV
The proposed position location is achieved based on multiple distance measurements between known reference points, that is, signals from different DTV transmitters have to be identified for the determination of the geographic coordinates. In [9] , we proposed a transmitter identification system using embedded pseudorandom sequences. A unique PN sequence is assigned to each individual transmitter in our proposal and different transmitters are identified based on the orthogonality between different sequences. The magnitude of the pseudorandom sequence is carefully selected such that the impact on the DTV reception is negligible. This proposal has been adopted in the ATSC synchronization standard for distributed transmissions [8] , where a Kasami sequence with a period of 2 16 − 1 is used for DTV transmitter identification. The autocorrelation function of this sequence provides 42 dB dynamic range for transmitter identification [10, 11] . The principle of the transmitter identification is illustrated in Figure 1 both in frequency and time domain. A similar TxID technique can also be applied to DVB-T systems. Denote the DTV signals for the ith transmitter before and after the injection of the pseudorandom sequence x i (n) as d i (n) and d i (n), respectively. The injected process is
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where ρ is a gain coefficient to control the injection level of the identification sequence, which can be different from transmitter to transmitter. However, it will be convenient for the identification process if the gain is the same for all the transmitters. After passing through the channel h i , the received signal from the ith transmitter, r i , can be formulated as
where w(n) is the additive white Gaussian noise (AWGN) of the receiver. To identify the existence of the ith transmitter, the cross-correlation between r i (n) and the locally generated x i (n) has to be calculated:
where N is the length of the transmitter identification watermark x i (n). The first term on the last line of (3) , that is, the autocorrelation function R xixi , exists only when watermark signal ρx i (n) is found in the received signal. The existence of the ith transmitter can then be determined by the correlation peak in (3) since the watermark signal ρx i (n) is uniquely associated with the ith transmitter. Equation (3) also indicates that the correlation peak in the first term on the last line undergoes the same attenuation and channel distortion as the DTV signal described by the second term. To evaluate the robustness of transmitter identification process, a simplified AWGN channel model is applied to (3):
where A is a constant associated with the path loss. Due to the large N for transmitter identification sequence, central limit theorem can be applied to the second and third items in (4), whose variances can be determined as NA 2 σ 
Equation (5) can be further arranged as SINR = 10 log 10 N − 10 log 10 σ
Note that the second term in (6) is the injection ratio of the transmitter identification watermark and
is the inverse of the signal-to-noise ratio (SNR) of the received signal, which makes the third item in (6) negligible for any reasonable SNR, that is,
1. Because the TxID watermark is inserted at a certain power level proportional to DTV signal, the fixed relationship is maintained after both signals pass through the same multipath channel. Additive Gaussian noise from the receiver has virtually no impact on the TxID process, unless the received signal is significantly weaker than the noise introduced by the receiver, that is, the DTV signal is under the receiver's noise floor. Due to the extremely high transmission power of DTV stations and the short distance between the receiver and transmitter, (6) holds even for the reception sites inside buildings since the excess path losses due to the building penetration is usually around 10 ∼ 20 dB [12, 13] . As a result, the robustness of the transmitter identification process is dominated by the first two items in (6) . For the TxID system in [8] , SINR in (6) is 18 dB when one Kasami sequence is used, or 24 dB when four Kasami sequences in one field are combined for transmitter identification. Considering the high transmission power of the DTV stations, the coverage limitation for the transmitter identification and the proposed position location is the shape of the earth, rather than the signal strength of the DTV signal.
As we will explain in the next section, four DTV stations are needed for position location purpose. These stations can be on different channels. The position location receiver will scan different TV channels for the DTV stations used for position location. In this situation, the analysis in (1)- (6) can be directly applied to each station. The impact of the cochannel interference from the DTV stations on the same channel with different programs is limited since the coverage of these DTV stations are well separated through the DTV stations planning process. The other scenario for cochannel interference is from DTV stations broadcasting the same program on the same channel due to the deployment of the single frequency network (SFN), in which same content is broadcasted from different stations on the same frequency to save spectrum [14] . Cochannel DTV stations in SFN could be used as 4 EURASIP Journal on Applied Signal Processing position location references, since different transmitter identification numbers [8] are assigned to different SFN stations. However, the strength of the TV signals at one given location from different SFN stations can vary significantly due to the different distances from the receiver as well as the different propagation environment. It is therefore very important to analyze the robustness of the transmitter identification under this circumstance since the combined DTV signals from different SFN transmitters will interfere with the transmitter identification process. The overall received signal r(n) can be reformulated as
where M is the total number of TV signals from the SFN. The existence of the jth transmitter is unknown without any further identification process. Details of the existence and strength of each specific transmitter at the reception site can be achieved by calculating a correlation function. For instance, cross-correlation between r(n) and x j (n) can indicate the existence and provide strength information about the jth transmitter:
With the orthogonal property of the selected pseudorandom sequence, R xj xj can be approximated as a delta Kronecker function. The second term can be neglected since different transmitter identification sequences are orthogonal. The third item in (8) is the combined interference from the SFN DTV signals of the jth transmitter and the other transmitters. Therefore, the received channel response h j from the jth transmitter can be approximated by R rxj . An interference analysis for (8) with AWGN channel model lead to SINR = 10 log 10 N − 10 log 10 σ
Comparing (6) and (9), the impact of the cochannel stations in SFN environment can be evaluated by the second term in (9) . When the cochannel DTV signal is stronger than the signal from the particular station under identification process, the robustness of transmitter identification is reduced. However, around 10 dB stronger cochannel DTV signals can be tolerated due to the large margin in the transmitter identification system [8, 9] . Simple averaging of the transmitter identification results in that the time domain would reduce the impact of the DTV interference by 10 log 10 P, where P is the number of averaging. The complexity associated with averaging is minimal since different DTV signal segments for TxID can be averaged first before the cross-correlation. Further performance improvement can be achieved by the DTV signal cancellation approach. However, the complexity of position location receiver will be increased since the DTV signal has to be reconstructed based on the demodulation result.
TIME-BASED POSITION LOCATION USING TxID SIGNAL
There are several different approaches to determine the location of receiving devices in a wireless network, ranging from direction-of-arrival detection to calculation of signal strength loss. The technique considered in this paper is based on triangulation. This method derives its name from trigonometric calculations and can be done via lateration, which uses multiple distance measurements between known points, or via angulation which measures an angle or bearing relative to points with known separation. These two techniques are also referred to as direction-based and distancebased techniques. Direction-based techniques measure the angle of arrival (AOA) using antenna array. Because this AOA triangulation technique requires the use of special antennas, it would not be suitable for position location applications. Distance-based techniques involve the measurement and calculation of the distance between a receiver and one or more transmitters whose locations are known. The distancebased technique uses one, or more, of the following signal attributes: signal arrival time, signal strength, and signal phase. If one measures the precise time a signal leaves a transmitter and the precise time the signal arrives at a receiver, he can determine the time of arrival (TOA); the time it takes for the signal to reach the receiver. Consider four transmitters and the positioning receiver shown in Figure 2 . The coordinates of the four transmitters are (x 1 , y 1 , z 1 ), (x 2 , y 2 , z 2 ), (x 3 , y 3 , z 3 ), and (x 4 , y 4 , z 4 ), respectively. For existing DTV transmitters, these coordinates are known to the positioning receivers. With the help of the embedded watermarks and the DTV field sync shown in Figure 3 , the propagation time for the DTV signal from each DTV station can be easily determined. Denoting the propagation time from the ith transmitter to the positioning reception point as t i , the simplified positioning algorithms without errors can be formulated as
where c is the constant for light propagation velocity. Four Xianbin Wang et al. transmitters are needed to find the coordinates of the positioning receiver when the absolute propagation time for each transmitter is not available. In this case, what is known from the received signal of the synchronous transmitter network is the relative propagation time, with a common reference timing related to the transmission network. Under this circumstance, (10) can be rewritten as
where t i = t i − Δt is the absolute transmission time for the ith transmitter with Δt being the timing difference between the receiver reference time and the absolute time. The value of Δt is unknown but identical for all transmitters since they are all synchronized within the distributed transmitter network. The pseudorange equation in (11) can be solved by the technique in [15] without errors or by linearizing techniques in [16] in the presence of errors. As indicated in (11), the relative propagation time from each transmitter to the positioning receiver has to be determined. The existence and the strength of each specific transmitted signal r j from the jth transmitter at a given reception site can be achieved by calculating correlation functions. For example, the correlation between r(n) and a locally generated identification signal x j (n) can provide the existence and strength of the jth transmitter using (8) . Due to the orthogonal property of the selected sequence, R xj xj can be approximated as a delta function. The second and third terms in (8) are only noise-like sequences from the in-band DTV signals of the same transmitter and other transmitters. Therefore, the channel response h j from the jth transmitter can be approximated by R rxj , that is,
where A is a constant determined by R xj xj and the gain coefficient ρ. The channel response h j for the jth transmitter can be determined, as R xj xj and ρ are known. The earliest correlation peak that exceeds a particular threshold is corresponding to the direct propagation path from the DTV station to the position location receiver. The arrival time of the earliest correlation peak can then be converted to relative propagation time in terms of seconds. The correlation functions in (12) can be interpolated to improve the precision of the propagation time determined. The threshold for each DTV station is decided by the DTV station transmission power, the approximate distance between the DTV station and the receiver decided by the propagation time of the main path, and the maximum expected excess path loss to the DTV signal due to the building penetration. The main path of the autocorrelation function in (12) is always used for transmitter identification due to its strongest signal power. The distance between the DTV station and the position location receiver depends only on the first arrived path. However, the strength of the first arrived signal sometimes is very weak, and it is difficult to discriminate multipath echoes from interference. In this case, the main path can always be used as a timing reference for averaging a number of adjacent transmitter identification results due to the slow variation of the DTV signals. Simple averaging of the transmitter identification results in the time domain would reduce the impact of the DTV interference by 10 log 10 P, where P is the number of averaging. The complexity associated with averaging is minimal since different DTV signal segments for TxID can be averaged first before the cross-correlation. An average of 42 fields of DTV signal within one second (168 Kasami sequence ) will provide 22 dB gain. Very weak path such as −30 dB echo can be easily identified when the 6 EURASIP Journal on Applied Signal Processing averaging gain is imposed on SINR in (6) . The impact of the interference on very weak first arrival echo is thus minimized. The number of averaging needed can be determined such that the noise power after averaging is below a predetermined threshold value, which is decided by the statistics of the interference in the transmitter identification results in (12) . For Gaussian-like noise and interference, 10 dB below the threshold provide reliable decision. The averaging time is jointly determined by several factors, including DTV station transmission power level, the approximate distance (can be decided by the main lobe), and the maximum excess attenuation to the DTV signal due to penetration of building.
It is noted that (10) and (11) are ideal position location algorithm and no errors are taken into consideration. Under realistic conditions, a number of factors will introduce position location errors, including clock error for the DTV stations, synchronization errors between the DTV transmitter and position location receiver, nonideal shape of the autocorrelation peaks, multipath errors, and atmosphere errors. High accurate time and stable clock can be achieved from atomic clock, which minimize the impact of the clock error from the DTV stations. Atmosphere errors are out of control although some empirical models using dry and wet components can be used to remove some of them under given weather and geographic locations. In fact, atmosphere error is limited in the proposed position location system due to the short distance between the DTV stations and the receiver. Multipath errors due to weak strength of the first-arrived pre-echo can be minimized by time averaging of the transmitter identification results. The main echo of the multipath is always used as the reference to align different TxID correlation functions. As a result, nonideal shape of the correlation peak and time and frequency synchronization errors between DTV stations and the position location receivers are major sources of the position location process. The accuracy of the propagation time will be affected by the nonideal shape of the correlation peaks and timing offset of the receiver. Narrow and sharp correlation peak provides high time resolution and is less affected by interference. The strength of the correlation peak will be affected by frequency synchronization errors due to phase misalignment between the embedded TxID sequences and the local generated version.
NONIDEAL CORRELATION FUNCTION
In the previous analysis, the autocorrelation function of the transmitter identification watermark is approximated as a delta Kronecker function, which provides high time resolution for position location. However, the autocorrelation function shows a nonideal shape due to the bandlimitation of TV channels. It is important to analyze and compensate the bandlimitation effect in the transmitter identification results.
Bandlimitation effect of DVB-T system
Not all subcarriers are used in DVB-T systems to prevent adjacent channel interference. For example, in the DVB-T 2k mode, only 1706 of 2048 subcarriers are used. Under this circumstance, the baseband DVB-T signal can be reformulated as
where
Assume that the transmitter identification sequence has the same spectral mask as the DVB-T signal. The cross-correlation function between the embedded TxID sequence and the local reference now becomes
Equation (17) indicates that each echo of impulse response identified by the TxID sequence is modulated by the shaping pulse in (18) due to the bandlimitation effect.
Bandlimitation effect of ATSC system
The ATSC 8-VSB modulator receives the 10.76 M symbols/s, 8-level trellis encoded composite data signal (pilot and SYNC added) before it passes the VSB symbols to a root-raised cosine pulse shaping filter. The bandlimitation effect from the pulse shaping filer is to be analyzed in this section. The frequency response of the filter is essentially flat across the entire band, except for the transition regions at each end of the DTV signal. Nominally, the roll-off in the transmitter will have the response of a linear phase root-raised cosine filter Xianbin Wang et al. 
where α is the roll-off factor of the raised cosine filter and ω c is half the data rate in rad/sec. Since pulse filtering is equally split between the transmitter and the receiver, a pair of square-root cosine filters are often used. In theory, the response of the two cascaded square-root-raised cosine filters is equivalent to a single-raised cosine filter:
The impulse response of the filter in (15) is
However, the limited impulse response of practical squareroot-raised cosine filters causes a slight difference between the response of two successive square-root-raised cosine filters and the response of one raised cosine filter. The crosscorrelation function between the embedded TxID sequence and the local reference now becomes
Compensation of the nonideal correlation function
One possible way to resolve the problem is to eliminate the shape of the nonideal cross-correlation function from the preliminary channel estimation results. To simplify the notations, rewrite the channel estimation equation as
where n (n) is the consolidated noise from the in-band DTV data signal and other interferences.
Rewrite the crosscorrelation between the received signal and pilot sequence R rxi as vector R:
when n is assumed to be Gaussian noise, h can be resolved using
where A H is the hermitian of A.
TIME AND FREQUENCY SYNCHRONIZATION FOR THE POSITION LOCATION SYSTEM
It is noted that transmitter identification sequence is synchronized with the DTV frame structure, since the time synchronization between the DTV signal d(k) and the embedded transmitter identification code x(k) can substantially reduce the amount of the correlation computation during the identification process. Some time-and frequency-domain features of the DTV signal, for instance the ATSC PN511 sequence and the in-band pilots of DVB-T system, can be used for the timing and frequency synchronization purpose. Here the synchronization algorithm for ATSC is presented. Similar techniques can also be extended to DVB-T system using the time-domain sequence of the in-band pilots. The field sync in ATSC signal, that is, the PN-511 sequence in the d(k), can provide an accurate starting point of TxID sequence using some autocorrelation techniques. In this case, cross-correlation in (8) is only to be computed during the delay spread of the transmitter impulse response.
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Denote the PN511 sequence as p(n), n = 0, . . . , 511, the timing synchronization process between the local TxID sequence in the received DTV signal and local TXID code is based on the cross-correlation between the received signal and the PN511
where k is the timing search range. For a satisfactory performance of the receiver, the first search range for the PN511 sequence has to be longer than the one for the DTV field. The largest correlation peak provides the synchronization time information. After the first acquisition of timing, the correlation range can then reduced to a range of several data symbols for the following correlation, in case there is only one transmitter. Very often the receiver's clock is not locked to the frequency at the transmitter side, due to the substantial attenuation of the signal. The residual frequency offset due to the drifting of the local oscillator will definitely impact to the correlation function in (8) . It is very common that an oscillator for the position location system may have a frequency offset up to several hundreds Herz. The destructive effect of the frequency offset is mainly because of the phase rotation of the data samples, which in fact reduces the effective TxID sequence length. The correlation peak will be reduced due the existence of the frequency offset.
Let Δ f be the frequency drifting for the local oscillator. Here we assume this offset remains unchanged during one ATSC field. We also assume an AWGN channel for the convenience of the analysis. The received signal becomes
The output from the channel estimation correlator is
It can be seen clearly from (29) that the main peak of the cross-correlation function in (8) now will be modulated by a sinc shaped function with its amplitude less than one. The maximum of the correlation function will be determined by the normalized frequency offset. That is the reason why the frequency offset has to be removed before the calculation of the propagation time between the transmitter and the receiver. The approach we proposed here for the estimation of the frequency drifting is based on the frequency-domain correlation between the received signal and the local TxID sequence after the timing synchronization is achieved. The implementation procedure for the proposed frequency offset estimation and compensation are as follows.
Step 1. Set the maximum of the frequency-domain correlation function R F max = 0.
Step 2. Create a complex TxID code signal as a local reference. This will generate the VSB modulated TxID signal x VSB based on the local Kasami sequence.
Step 3. Compute X * (ω) = F(x VSB ) * where F is the Fourier transform operator and * is the conjugate operator.
Step 4. For ω = ω nom − ω offset to ω = ω nom + ω offset with a step of 2ω offset /L (L is the number of the searches).
(i) Compute the R (ω), which is the Fourier transform of one field of DTV signal modulated with a carrier frequency ω, based on the timing synchronization information derived during the timing synchronization stage.
(ii) Obtain the frequency-domain correlation between the local TxID signal and the received signal,
Step 5. Upon exiting from the process, the frequency ω with maximum frequency-domain correlation is the estimated frequency offset.
Step 6. Remove the estimated frequency offset obtained in
Step 5 from the received signal.
NUMERICAL RESULTS
Numerical simulations of the proposed transmitter identification system have been carried out. Code generator for Kasami sequence was developed in Matlab. Simulations of the transmitter identification and channel estimation using embedded Kasami sequence with period of 2 16 − 1 have been carried out. Raised cosine pulse shaping and limited bandwidth effects were also included in this simulation. To guarantee that the DTV signal was not impaired by the TxID signal, the Kasami sequence was injected 30 dB below the DTV signal to prevent degradation as discussed earlier.
A channel with a 6 dB and a 10 dB echoes was used for the desired transmitter. Simulation results are shown in Figure 4 .
It is observed that the dynamic range used for transmitter identification with 2 16 − 1 Kasami sequences is only around 12 dB without any postprocessing. This dynamic range is good enough for transmitter identification, but may be low for channel estimation and low-level interference signal identification. Superimposition of the correlation functions can be used to improve the dynamic range, as this will smooth out the in-band DTV interference. A time-domain averaging technique was employed in Figure 4 (b). The improvement in TxID dynamic range is calculated as 10 log 10 P dB, where P is the number of averaging times. It is also noted that band pass filtering effects from the transmitter and receiver front ends are neglected in (4) for simplicity. In this case, the TxID results are in fact the convolution of the channel response in Figure 4 (a) with the combined impulse response of transmitter and receiver front ends. For TxID purpose, Figure 4 (b) is accurate enough, since only the strength of the main signal and strong multipath are to be identified. More precise channel estimation and interference identification may be obtained by reducing the bandlimit effects via deconvolution techniques, as indicated in Figure 4 (c). The dynamic range in Figure 4 (c) is about 30 dB. It can be used to identify possible cochannel interference station that could have an impact to position location.
To verify the proposed position location system, three TV transmitters in Ottawa area were selected for the numerical simulations. The transmitter locations are shown in Figure 5 . Here the timing reference is assumed to be known to the receiver. Therefore only three transmitters are needed to find out the three unknown parameters of the receiver's coordinates. These three transmitters are within forty kilometers from the Communications Research Centre. The GPS locations for these transmitters and the corresponding transmission power were assumed known to the receiver. The information was obtained through the Canadian television transmitter database from Industry Canada. Computer program was employed to simulate the signal propagation process. The GPS coordinate of the three transmitters are first converted to Cartesian coordinates (x, y, z). The nonlinear equation system in (11) is solved using optimization techniques. Background noise was also injected. To simplify the analysis, free-space propagation models are used for all the three transmitters. The location results from the simulation were shown in Figure 6 , where each star represents one round of location process. The accuracy of locationing process can be evaluated by the distance between the location results and the true location of the receiver (origin of the coordinates). The simulation results indicated that the accuracy of the proposed location system is within ten meters.
CONCLUSIONS
A new position location technique using the transmitter identification (TxID) sequences in the digital TV (DTV) signals was proposed. The principles of the transmitter identification system for ATSC and the proposed position locationing system were presented. Time and frequency synchronization between the receiver and DTV transmitter was discussed. A new frequency-domain correlation technique was proposed to compensate the frequency drifting of the local oscillator. Performance of the proposed technique was evaluated through numerical simulations and compared with other existing position location systems. Possible ways to improve the accuracy of the new position location system were discussed.
